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+ Angular analysis of B — K*u™u~ decays

¢ Conclusions
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Rare decays

e FCNC are strongly suppressed in the SM: only loops + GIM mechanism

¢ Any new particle generating new diagrams can change the amplitudes

SM diagram NP diagram
w
b s(d) b
+
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e Generic description though effective hamiltonian

4G « ! A
Mo = _T;thvtq Z(C»L'Oi + C;0;)

7

«  Wilson coefficients C) encode the left- (right)-handed short distance physics of
the corresponding operator O

e NP can enter with new operators or modifying the coefficients
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Observation of the rare BY — yu*pu~ decay

9 s

from the combined analysis of LHCb and CMS data

[LHCb - Phys. Rev. Lett. 111, 101805 (2013)] [CMS - Phys. Rev. Lett. 111, 101804 (2013)]
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B? — uTu~ golden channel for Cyo and (pseudo)-scalar operators

Precisely predicted as fully leptonic and ultra rare due to helicity suppression
Seen by both LHCb and CMS with LHC Runl data

Full combination of the two experiments analysis
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Combination results

CMS and LHCb (LHC run I) 6 most sensitive bins
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BB = ptp™) = 2877 x1077 (6.20 significance)
BB° = putp™) = 39775 %107 (3.00 significance®)

Which represent the first observation of the B? — 7~ decay
and a first evidence for the B® — p ™ decay.

*From the Feldman Cousins method
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Rare beauty decays at LHCb

9
B(B - p+ ) [107] B(B® - u* i) [107]
Measurement of the ratio:
+0.08
R =0.14" 6

compatible with the SM prediction
R = 0.0295700528 at the 2.30 level
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(s

Test of lepton universality using BT — KT/T¢~ decays

e Ratio of branching fractions of Bt — KTete™ and BT — KT~ sensitive to el
lepton universality 3

=
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e SM prediction is Rx = 1 with an uncertainty of O(10~?) =
¢ Measurement relative to resonant B — J¢¥ K modes %
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Test of lepton universality using BT — KT/T¢~ decays
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The combination of the various trigger ~eLHCb -m BaBar —a Belle
channels gives: & LHCb
Ri = 0.745700%9 (stat) + 0.036(syst) L — ]
!
Most precise measurement to date, T I M
compatible with SM at 2.60 level o e o s w4
A ——
The branching fraction of Bt — ete” KT 5 5 15 5 %
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B(BT — eTe” KT) = 1.56 7012 (stat) 505

well compatible with SM predictions

Rare beauty decays at LHCb

F. Dettori

(CERN)

(s

(syst) x 1077

Moriond QCD 22/03/2015

[TO9TST ‘€11 1901 "A0Y ‘sSAYd]

8/21


http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.151601
http://arxiv.org/abs/arXiv:1204.3933
http://arxiv.org/abs/arXiv:0904.0770
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.151601

EEN————————— F. Dettori (CERN)

Angular analysis of BY — K*(T¢~ decays

e b — s transition with vector in the final state

e TFinal state described by ¢ = miu and three angles Q = (0¢, 0k, ¢)
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Angular analysis of B) — K*eTe™ decays

o Angular analysis of B} — K*eTe™ at very low ¢* (€ [0.002,1.120]GeV?/c")
¢ Folded angular observables (¢ = ¢ + 7 if ¢ < 0)

e Measurement of Fi,, Ag?), A(Tlm), A;Re), T sensitive to C% as ¢> — 0
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*AgrRe) = %AFB/(l - FL), A(Tz) = $S3/(1— F) and Ay = $So/(1 — Fr)
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Angular analysis of B) — K*eTe™ decays

Candidates / (0.2)
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Candidates / (0.1rtrad)
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¢ Measurements well in agreement with SM predictions

e Constraints on C’$) competitive with radiative decays

[daHr 01 peyrmuqng - 8€0E0 TOSTAIXI® ‘990-FT10C-HAIVI-ADHT]

fs. Jager, J. M. Camalich [arXiv/1412.3283]
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Angular analysis of the B — K*uu~ decay

Full Run I data update for a total luminosity of 3fb~*

= 20,

A S

T I8 - LHCb, 10'
3t preliminary

o 14 e I

[200-102-ANOD-ADHT] E

L L L
52 53 54 55 56 57
m(K*wutw) [GeVie?]

Rare beauty decays at LHCb Moriond QCD 22/03/2015 12/21



EEN—————————— F. Dettori (CERN)

Angular analysis of the B — K*uu~ decay
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B F. Dettori (CERN)
Angular analysis of the B — K*uu~ decay '
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BY — K*pt i likelihood fit

Angular analysis of the Bg — K*ptp~ decay

3fb~! dataset allows improvements:

1.

F. Dettori (CERN)

-4OHT] E
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. Full angular analysis: simultaneous determination of CP-averaged observables:

Covariance matrix to be used for global fits

Simultaneous fit of angular observables and mass in ¢> bins
Background angular distribution modelled as 2"¢ order Chebychev polynomials

Feldman-Cousins procedure to estimate uncertainties
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S
Acceptance effects

Angular analysis of the Bg — K*ptp~ decay

Efficiency

F. Dettori

(CERN)
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Fit to the control channel Bg — K*J/y %

Angular analysis of the Bg — K*ptp~ decay
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o Performed angular analysis of B — K*J/v
¢ Reproduced results of dedicated analysis [PrD ss, 052002 (2013)]
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Results
Angular analysis of the Bg — K*ptp~ decay
Projections of fit results for ¢ € [1.1,6.0|GeV?

Good agreement of PDF projections with data in every bin of ¢?
About 2400 events in the full ¢® range.
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BN
Results

Angular analysis of the Bg — K*ptp~ decay
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Results

Angular analysis of the Bg — K*ptp~ decay

F. Dettori (CERN)
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Results

Angular analysis of the Bg — K*ptp~ decay

o T T T
< 05 j
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R [GeVcH
¢ Data points systematically lower than SM

o Measurement of zero-crossing point ¢ = 3.7798GeV? evaluated as 1fb™!
analysis ([JHEP 08 (2013) 131])

T[SM from Bharucha et al, arXiv/1503.05534]
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BN F. Dettori (CERN)
Results

Angular analysis of the Bg — K*ptp~ decay
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o Form-factor independent observables Pf = ——25—— B
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o
ol

e Tension in P; [Prr 111, 101802 (2013)] confirmed with 3th~!
o Local deviations of 2.90 and 3.00 for ¢* € [4.0,6.0] and 6.0,8.0 GeV?
¢ Naive combination of the two gives local significance of 3.70
o Agreement with 1 fb=* result
[SM from Descotes-Genon et al. JHEP12(2014)125]
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Conclusions

e Rare decays are excellent indirect probes of NP

e Presented latest results of LHCD in various channels

e General agreement with SM predictions is seen

e Tensions in various observables in different channels

e Still lacking a coherent NP explanation that includes all

e Many results not shown today and many others to come with Runl data...
looking forward to start again!
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Angular analysis of the B’ — K*"e*e™ decay in the low-¢* region [LHCb, to appear in JHEP, arXiv:1501.03038]
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Test of lepton universality using B+ — K£"~ decays [LHCb, Phys. Rev. Lett. 113 (2014) 151601, arXiv:1406.6482]

Angular analysis of charged and neutral B — Kp* ™ decays [LHCh, JHEP 05 (2014) 082, arXiv:1403.8043]

Differential branching fractions and isospin asymmetries of B — Ky~ decays [LHCb, JHEP 06 (2014) 133, arXiv:1403.8044]

ion [LHCb, Phys. Rev. Lett. 112 (2014) 161801, arXiv:1402.6852]
[LHCb, Phys. Rev. Lett. 112 (2014) 131802, arXiv:1401.5361]

Measurement of C'P violation in the phase space of B* — K™K~ n* and B* — ntx~r

Search for the decay D° — mta~ ptp~ [LHCb, Phys. Lett. B728 (2014) 234, arXiv:

of form-factor-i . es in the decay B® — K*°u* ™ [LHCb, Phys. Rev. Lett. 111 (2013) 191801, arXiv:1308.1707)

Measurement of the CP asymmetry in B* — Kyt~ decays [LHCb, Phys. Rev. Lett. 111 (2013) 151801, arXiv:1308.1340]

Observation of a resonance in BY — Kt p~ decays at low recoil [LHCb, Phys. Rev. Lett. 111 (2013) 112003, arX

Measurement of the BY — j i~ branching fraction and search for B” — u* ™ decays at the LHCb experiment, [LHCb, Phy Lett. 111 (2013) 101805, arXiv:1307.5024]

lating decays BY — e*u¥ and B® — ¢* 4T [LHCb, Phys. Rev. Lett. 111 (2013) 141801, arXiv:1307.4889]

A = Autp~ [LHCb, Phys. Lett. B725 (2013) 25, arXiv:1306.2577)

Differential branching fraction and angular analysis of the decay BY — ¢u* ™ [LHCb, JHEP 07 (2013) 084, arXiv:1305.2168]

Search for the rare decay D° — u*pu~ [LHCb, Phys. Lett. B725 (2013) 15, arXiv:1305.5039]

Measurement of the B — K*%¢*e™ branching fraction at low dilepton mass [LHCb, JHEP 05 (2013) 159, arXiv:1304.3035]

Searches for violation of lepton flavour and baryon number in tau lepton decays at LHCb [LHCb, Phys. Lett. B724 (2013) 36, arXiv:1304.4518]

Differential branching fraction and angular analysis of the decay B® — I*%ut ™ [LHCb, JHEP 08 (2013) 131, arXiv:1304.6325]

Search for rare B, — p*p~p*p~ decays [LHCb, Phys. Rev. Lett. 110 (2013) 211801, arXiv:1303.1092]

First evidence for the decay B =yt~ [LHCb, Phys. Rev. Lett. 110 (2013) 021801, arXiv:1211.2674]

First observation of the decay B* — x*p*p~ [LHCb, JHEP 12 (2012) 125, arXiv:1210.2645]

Measurement of the C'P asymmetry in B’ — K*°u* i~ decays [LHCb, Phys. Rev. Lett. 110 (2013) 031801, arXiv:1210.4492]

Differential branching fraction and angular analysis of the BT — Kyt i~ decay [LHCb, JHEP 02 (2013) 105, arXiv:1209.4284]

Search for the rare decay K§ — "1~ [LHCb, JHEP 01 (2013) 090, arXiv:1209.4029]
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Observation of photon polarization in the b — sy transi

Search for Majorana neutrinos in B~ — 7™~ decays

Search for the lepton-Aavour-vi

Measurement, of the differential branching fraction of the d¢

Measurement of the ratio of branching fractions B(B” — K*°~)/B(B? — ¢v) and the direct CP asymmetry in B’ — K**y [LHCb, Nucl. Phys. BS67 (2013) 1-18, arXiv:1209.0313]

Measurement of the isospin asymmetry in B — Ky~ decays [LHCb, JHEP 07 (2012) 133, arXiv:1205.3422]

Strong constraints on the rare decays BY — up~ and B® — p*p~ [LHCb, Phys. Rev. Lett. 108 (2012) 231801, arXiv:1203.4493]
Measurement of the ratio of branching fractions B(B® — K**4)/B(B? — ¢v) [LHCb, Phys. Rev. D85 (2012) 112013, arXiv:1202.6267]
Searches for Majorana neutrinos in B~ decays [LHCb, Phys. Rev. D85 (2012) 112004, arXiv:1201.5600]

Differential branching fraction and angular analysis of the decay B® — K**u* i~ [LHCb, Phys. Rev. Lett. 108 (2012) 181806, arXiv:1112.3513]
Search for the rare decays BY — y*u~ and B® — p*u~ [LHCb, Phys. Lett. B708 (2012) 55, arXiv:1112.1600]
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Additional material
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1075 members, from 68 institutes in 17
countries (September 2014)

Dedicated experiment for precision
measurements of CP violation and rare
decays

Beautiful, charming, strange physics
program

Rare beauty decays at LHCb

F. Dettori (CERN)

LHCb MC
{s=7TeV

6, [rad] ™2
w2
6, [rad]

pp collisions at /s = 8(13) TeV in
RunI (RunlI)

bb quark pairs produced correlated in=
the forward region

Luminosity of 4 x 1032¢m ™25
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LHCD detector

interaction
point

vertex
locator

Excellent vertex and IP resolution

®  G(IP) ~ 24pm at pp = 2 GeV/c

®  opy ~ 16pm in y
Very good momentum resolution
®  o(p)/p =0.4% — 0.6%
for p € (0,100) GeV/c

L4 o(mp) ~ 24 MeV for two body dec
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F. Dettori

Branching fractions

¢ Measurements of various b — s transitions systematically below the SM:

Might be all due to modification of Cy

[JHEP 06 (2014) 133]

(CERN)
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0 05 1 15 2 *arXiv:1111.2558,
HEP 1007 (2010)095
Measurement/SM [JHEP 08 (2013) 131] [JHEP 06 (2014) 133] [JHEP 07 (2013) 084]
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B F. Dettori (CERN)

Opening the box

[ Phys. Rev. Lett. 111, 101805 (2013)]
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 http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.111.101805

Results

F. Dettori (CERN)

[ Phys. Rev. Lett. 111, 101805 (2013)]

The full fit gives the following central values

B(BY — p ™) = 2.9 0 (stat) 103 (syst) x 10~
with a significance of 4.00

B(B® — ptp) = 3.7 (stat) ) S (syst) x 10~
with a significance of 2.00

¢ Systematic uncertainty obtained from total minus statistics (in quadrature)
e Plus additional component due to A) — pu~v background

e Given no evidence of B — "~ the following upper limit has been put:

B(B° = utp™) < 6.3(7.4) x 10~ at 90 (95)% CL

o First evidence of this decay obtained by LHCb in October 2012 with 2fb~*
e Confirmed with higher significance in July 2013 with full Run I dataset
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CMS results
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Test of lepton universality using BT — KT/T¢~ decays
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Candidates/ (40 MeV/c?)

F. Dettori (CERN)

(s

[Phys. Rev. Lett. 113, 151601]
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EEN——————————— F. Dettori (CERN)

(s

[LHCb-PAPER-2014-066, arXiv:1501.03038

Angular analysis of B) — K*eTe™ decays

Submitted to JHEP]

Resolution on the angle ¢ as a function of ¢

= £ T
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EE———————— F. Dettori (CERN)

Angular analysis of the B — K*uu~ decay

1fb~t analysis: [JHEP 1308 (2013) 131]
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EE——————— F. Dettori (CERN)

Angular analysis of the B — K*uu~ decay

1fb~t analysis - [Phys. Rev. Lett. 111, 191801 (2013)]
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EE—————————— F. Dettori (CERN)

Angular analysis of the B — K*uu~ decay

Comparison of 1fb~! and 3fb™! analysis

1
LHCb
preliminary

SM from DHMV

0T T s
P [GeVcA
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EEN——————— F. Dettori (CERN)

Angular analysis of the B — K*uu~ decay

Likelihood definition

log £ = Zlog [ Q +0°) foig Peig (2 )Psig(mlﬁmu) +01- fsig)Pbkg(ﬁ)Pbkg(mKﬂuu)]

+ Z log [fsigpsig(mKw) +(1- fsig)Pbkg(mKﬂ)]
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EE————————— F. Dettori (CERN)

First determination of |V,;| using the exclusive decay Ay — pu™ i )
18000 o1, 4000 . ; -
NQ [ ] Combinal(l)rial ]LHCb § [ LHCb jus
7 15000 | Mis-ID o [ ElAwy Q
= 'y =300 555 =
S 12005 mmAy S [ M Combintoria g
u\i Nuv iwr r =
% 9000 WPV 20001
g s )
= 21 =z
.g 6000 51000 N
O 3000 ©ot IG
0 4{%);)0 4500 5000 5500 S
30 50 : w

00
Corrected py mass [MeV/c?] Corrected pKmy mass [MeV/c?]

o Normalized using A, — AT (pKm)p™ D,
¢ Form factors predictions from lattice calculations
o Only high ¢* (> 15GeV?)

e Corrected mass: Meorr = \/W"‘pi

o Using |Vap| = (39.5 £ 0.8) x 10™2 (from exclusive decays)

¢ Result
[Vis| = (3.27 £0.15 + 0.15 £ 0.06) x 10~°
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